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COMPLETE SPECIFICATION 
Coated Particles 



We, Imperial Chemical Industries 
Limited, a British Company, of Imperial 
Chemical House, Millbank, London, S.W.I, 
do hereby declare the invention, for which 
5 we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 
This invention relates to dispersions in 

10 organic liquid of solid particles coated with 
synthetic polymer and to coating composi- 
tions based on such dispersions.- 

Dispersions of synthetic polymers in 
organic liquid can be made by processes of 

15 dispersion polymerisation in which the 
monomers are soluble but in which the re- 
sulting polymer is insoluble, the insoluble 
polymer so produced being stabilised in the 
form of disperse particles in the organic 

20 liquid by a stabiliser comprising . an anchor- 
ing component which is associated with the 
surface of the particles and a pendent chain- 
like component which is solvated by the 
organic liquid and provides a stabilising 

25 sheath around the polymer particles. The 
solvated chain-like component may be a 
polymeric chain or a relatively shorter chain 
of as few as 12 or 15 co-valently linked 
atoms in length. In order to be solvated by 

30 the organic liquid, this component should 
be of a degree of polarity similar to that of 
the liquid. The anchoring component is rela- 
tively non-solvated and may be a polymer of 
nature similar to that of the disperse poly- 

35 mer and associated therewith by the London 
or Van der Waal interaction or it may be a 



component, polymeric or non-polymeric, 
containing polar or di-polar groups and 
associated with the dispersed polymer by 
specific interaction with complementary 40 
polar or di-polar groups therein. 

We have now found that when a disper- 
sion polymerisation is carried out in the 
presence in .the organic liquid of stably- 
dispersed solid particles, such as pigment 45 
particles, which have been given a prepara- 
tory treatment wherein a polymer which h 
insoluble in the organic liquid of the poly- 
merisation is adsorbed onto the surface of 
the particles, polymer resulting from the 50 
polymerisation will be deposited on the ad- 
sorbed polymer to produce a coating on the 
particles and thereby encapsulate them. 

As a result of the preparatory treatment 
the solid particles having polymer adsorbed 55 
thereon must be stably-dispersed in an 
organic liquid suitable for use in the dis- 
persion polymerisation and for this purpose 
a stabiliser of a type as generally described 
above for use in dispersion polymerisation 60 
may be used to stabilise the particles. -One 
component of the stabiliser must, be asso- 
ciated with the polymer adsorbed on the sur- 
face of the solid particles and another com- 
ponent must be solved by Che organic liquid 65 
to provide the stabilising sheath. In. many 
eases, particularly when the adsorbed poly- 
mer is similar to or identical with the poly- 
mer to be produced in the dispersion poly- 
merisation, the sta~biltser used to stabilise 70 
the dispersion of the treated solid particles 
may be the same as that .used in the dis- 
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persion polymerisation. 

The solid particles may be given their pre- 
paratory treatment by first dispersing them 
in a solution in organic liquid of both the 
5 polymer to be adsorbed and the stabiliser. 
The solid particles may be dispersed by 
grinding, milling or other technique and at 

' this first stage they are stabilised in disperse 
form by polymer adsorbed from the solu- 

10 tion, the polymer still being solvated by the 
organic liquid. The particles may, for ex- 
ample, be dispersed in a solution of the 
polymer and stabiliser in the liquid or they 
may be dispersed in a solution of the poly- 

15 mer in the liquid, the stabiliser being added 
after dispersion of the particles. Alterna- 
tively, the polymer and stabiliser may be 
linked together in the form of a graft co- 
polymer the link being through what, nv a 

00 separate stabiliser, would be regarded as the 
anchor component. Adsorption of such a 
linked molecule on dispersing solid particles 
in a solution thereof will automatically re- 
sult in attachment to the particles of the 

25 chain-like component which provides the 
solvated stabilising sheath in the organic 
liquid of the dispersion polymerisation, and 
the linked molecule may be regarded as a 
graft copolymer stabiliser having a relatively 

30 large anchor component. 

In the second stage of the preparatory 
treatment the nature of the continuous phase 
of the dispersion is then modified so that the 
adsorbed polymer is no longer soluble in it 

35 and only one component of the stabiliser, 
ie. the chain-like stabilising component is 
still solvated by it. This modification of 
the continuous phase may be carried out by 
adding to the dispersion a liquid which is a 

40 non-solvent for the polymer or, if the liquid 
of the dispersion is a mixture of solvent 
and non-solvent for the polymer, by re- 
moving part or all of the solvent component, 
e g by evaporation or partition. As a result 

45 of the modification in solvency of the con- 
tinuous phase the anchor component of the 
stabiliser becomes associated with the poly- 
mer adsorbed on the disperse particles whilst 
another component which is chain-like as 

50 described above remains solvated by the 
liquid forming the continuous phase and 
provides a stabilising sheath around the 

particles. . - . 

" Methods of treating disperse particles in 

55 this manner are described and claimed in 
co-pending Application No. 24,606/65 
Serial No. 1,156,652). 
The polvmer adsorbed on the disperse 
particles in the preparatory treatment need 

60 not be identical with that in which the par- 
ticles are to be encapsulated m the disper- 
sion polymerisation process. In fact, it is 
preferred that some or all of the polymer to 
be adsorbed on the particles in the pre- 

65 paratory coating should contain polar groups 



which will promote adsorption of the poly- 
mer on the surface of the solid. Such polar 
groups include -COOH, -SO*H, SO : H, 
-PO.Hi, -POjH., and -NRiR 2 where R 2 and 
R« may be aryl, aralkyl, alkyl, cycloalkyl or 70 
hydrogen or, together, may form a ring 
structure which optionally may contain a 
hetero-atom and optionally may be saturated 
or unsaturated. The type of polar group 
will be selected in accordance with the solid 75 
particles to be trer'ed, for example, acid 
groups for particles having basic groups on 
the surface and vice versa. These polar 
groups may be incorporated in the polymer, 
for example, by copolymerisation of a minor 80 
proportion of a monomer containing such a 
group either with a main monomer to form 
a random copolymer or with chains of the 
polymer containing a copolymerisable group 
to form a polymeric chain to which the 85 
chains of polymer to be adsorbed are 
attached, i.e. a segmented copolymer. 

When the treated particles have been 
stably dispersed in the modified organic 
liquid which is a non-solvent for the ad- 90 
sorbed polymer they are encapsulated by 
carrying out a dispersion polymerisation of 
a polymer which is insoluble in the liquid, 
for example, by a process as described m 
British Patent Specification 941,305, 95 
1,052,241 or 1,143,404. 

Any excess free polymer in the prepara- 
tory treatment of the solid particles, i.e. 
polymer which was not associated- with a 
pigment particle but, now being insoluble 100 
in the continuous phase, is in the form of a 
stably-dispersed polymer particle, will of 
course grow by acretion of polymer in the 
dispersion polymerisation and so clearly, in 
order to obtain the maximum degree of par- 105 
tide encapsulation it is important to keep 
the number of such "pure" polymer par- 
ticles to a minimum. This can readily be 
achieved by having present in the prepara- 
fory treatment no more than that amount of liu 
polymer required to treat the particles. This 
will vary with the particle size or .-surface 
area of the dispersed particles- to^be treated, ; 
but in any particular" case" the optimum pro- 
portion of the polymer to particles can be 115 
determined by simple trial. After the modi- 
fication of the continuous phase any excess 
polymer in the form of "pure" polymer 
particles not associated with the original 
solid particles can easily be detected by 120 
centrifugation when ithe relatively dense 
treated particles can readily be separated 
out leaving the less dense " pure " polymer 
particles still in suspension where- they are 
easily detectable and their proportion deter- 125 
minable on separation by further centrifuga- 
tion. . 

As a general rule, suitable proportions of 
polymer for adsorption will be in the range 
0.001-0.05 gms./m. 2 of particle surface, pre- 130 
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ferably in the range of 0.003-0.01 ems./m.-, 
but as a final check on the suitability of the 
proportion in any particular case the" above- 
mentioned simple test can be applied. Fur- 
5 ther, in order to ensure adequate stabilisa- 
tion after the modification step the stabiliser 
present should provide a constituent still 
solvated by the modified continuous phase in 
a proportion in the range 5% to 100% by 
10 weight of the polymer, preferably 15% to 
45%. The most suitable proportion to use 
in any particular case will depend, for ex- 
ample, on the length of the stabilising sol- 
vated chain; in general, the longer this is, the 
15. more of it will be required. 

The size of the disperse solid particles 
present in the dispersion polymerisation is 
not critical; it may range, for example, from 
a few hundred A to 10u, and the growth in 

20 size of the particles on encapsulation will 
depend on the amount of polymer required 
to be coated onto the initially-dispersed par- 
ticles to achieve any desired solid/polymer 
ratio. For example, where the solid is a 

25 pigment and the encapsulated pigment par- 
ticles are to be used in paint compositions, 
the proportion of pigment to encapsulating 
polymer may range from 2.5% to 25% by 
volume depending on the nature of the pig- 

30 ment and of the final paint composition. 
Once dispersion polymerisation and coating 
of the dispersed particles has commenced, 
the particles will thereafter behave as would 
100%-polymer particles in the dispersion 

35 polymerisation and polymerisation may be 
continued as long as the particles remain 
stably-dispersed up to a disperse phase 
volume of 50% or higher. 
We have found that the resulting dis- 

40 persions of encapsulated particles are of 
particular value in the preparation of pig- 
mented coating compositions. Coating com- 
positions made by dispersing pigment in 
stable polymer dispersions made by disper- 

45 sion polymerisation are known. These 
dispersion-type coating compositions were 
pigmented by addition of dispersed pigment 
to the polymer dispersion and so, when mix- 
tures of pigments were used, the possibility 

50 of pigment separation or migration on appli- 
cation of the composition, giving rise to the 
defects of flooding or floating, could still 
arise. We have found that during the modi- 
fication step in the preparation treatment 

55 some aggregation of mixed pigment par- 
ticles may take place and when these mixed 
aggregates are encapsulated the pigment par- 
ticles are then, so to speak, locked in posi- 
tion in the film-forming polymer which, even 

€0 during integration of the polymer particles 
into a film, does not normally become suffi- 
ciently fluid for the different pigment par- 
ticles to separate or migrate. 
Further, it was found in dispersion coating 

65 compositions that the most suitable polymer 



dispersions to use, from the point of view of 
obtaining the glossiest film on integration, 
were those having a polymer particle size of 
about O.lu to 0.5/1. However, one minor 
disadvantage of such coating compositions 70 
was that evaporation of the liquid con- 
tinuous phase at temperatures below that 
at which integration of the polymer par- 
ticles takes place could result in "mud- 
cracking " which showed up as a defect in 75 
the finally integrated paint film. 

We have now found that if dispersion 
coating compositions are based on encap- 
sulated pigment of overall particle size not 
less than 0.75/* the tendency to "mud-crack" 80 
is markedly reduced and at particle sizes 
of above 1/* is substantially eliminated. 

A wide variety of particulate solids may 
be encapsulated in polymer by the process 
of this invention. These include pigments, 85 
pesticides, herbicide, blowing agents, cata- 
lysts and metallic powders. Typical pig- 
ments which may be encapsulated for use, 
for example, in coating compositions or in 
moulding powders include inorganic types 90 
such as titanium dioxide, zinc oxide, anti- 
mony oxide, red oxide, yellow oxide, lemon 
chrome, Prussian blue and cobalt blue, or- 
ganic types such as azo pigments quinacri- 
done pigments indigoid and thioindigoid 95 
pigments and phthalocyanine blues and 
greens, metal containing organic pigments, 
lakes and carbon blacks such as vegetable 
black. 

The solid particles may be encapsulated 100 
in a wide variety of polymers derived from 
ethylenically unsaturated monomers such as 
acrylic and methacrylic acids, esters, nitriles 
and amides of such acids, vinyl acetate, 
vinyl chlorde, vinylidene chloride, vinyl 105 
chloracetate, vinyl stearate, methyl vinyl 
ether, sytrene, vinyl toluene, *-methyl 
styrene, isoprene and butadiene. Mixtures 
of monomers may be used. 

The nature of the encapsulating polymer 110 
will be related to the nature of the organic 
liquid of the dispersion polymerisation since, 
as stated above, it must be insoluble therein. 
Broadly there are three types of systems: 
(1) where the polymer is insoluble because it 105 
is polar relative to the organic liquid, (2) 
where the polymer is insoluble because it is 
non-polar relative to the organic liquid, and 
(3) where the polymer is insoluble in all 
common organic liquids because of its mole- 120 
cular structure and irrespective of any ques- 
tion of relative polarity. 

Systems typical of the first case are those 
in which the polymer is polar and the or- 
ganic liquid is of a non-polar nature, the 125 
most common liquids of this type being ali- 
phatic hydrocarbons, such as white spirit 
and iso-octane. With very highly polar 
polymers slightly more; polar organic liquids, 
such as aromatic hydrocarbons, fatty esters 130 



1,156,653 



and fatty ketones may be used. The organic 
liquid may, of course, be a mixture provided 
that the mixture itself is of suitable polarity 
relative to the polymer. 
5 Suitable polar polymers for use in systems 
of the first type include esters of unsaturated 
acids with lower alcohols, e.g. acrylic, metha- 
crylic and ethacrylic acid esters of methyl, 
ethyl and butyl alcohol. In homopolymers 

10 of such esters buty alcohol is the .highest 
alcohol which can be used and preferably 
this ester is used as a cormonomer with a 
more polar monomer. Higher alcohols, e.g. 
octyl and lauryl, can be used provided the 

15 polymers also contain an additional polar 
group to compensate for the longer non- 
polar carbon-carbon chains. For example, 
the esters may be copoiymerised witn a 
minor proportion of a highly polar monc- 

20 mer such as acrylic or methacryhc acid. 
Mono-esters of glycols having ^ tree 
hydroxyl group may be used, the hydroxyl 
group providing an additional polar 
effect. Alternatively, the free hydroxyl 

25 group may be esterified with a polar acid 
such as acetic or formic or it may be 
etherified with a polar alcohol such as 
methanol, as illustrated by, e.g. 3-ethoxy 
ethyl methacrylate. 

30 A similar type of polar polymer is pro- 
duced from a mohomerie - ester or ether oi 
an unsaturated lower alcohol such as vinyl 
alcohol. The esters may be of hydrofluoric 
acid and lower acids such as acetic, chlor- 

35 acetic, propionic and formic. Where higher 
acids are used then they should also con- 
tain an additional polar group to produce 
a sufficiently polar polymer, for example, 
the acid may be a dicarboxyiic acid, such as 

•40 oxalic, in which the second carboxylic group 
is left free or is esterified with a lower 
alcohol such as methyl or ethyl alcohol.. 
Alternatively, the acid may contain a 
hydroxyl group, e.g. lactic or citric acid, the 

45 hydroxyl group being left free or reacted, 
e.g. acetylated. Or the acid may contain an 
amino group, e.g. glycine may be used, the 
amino group providing the additional polar- 
ity required. 

50 Similar principles are applicable to 
ethers of unsaturated lower alcohols. 

The second type of system, makes use ot 
polar organic liquids, such as methanol, 
ethanoL acetone, glycol and, m extreme 

55 cases, dimethyl formamide and methyl tor- 
mate. Such polar organic liquids may con- 
tain a minor proportion of water. In this 
type of system the polymer is relatively 
non-polar. . , . 

60 The amount of water which can be toler- 
ated in the polar organic liquid will be 
determined by the solubility in the mixture 
of the monomer to be polymerised. In order 
to carry out a dispersion polymerisation the 

65 solubility of the monomer should be at least 



twice the highest free monomer concentra- 
tion likely to arise in the polymerisation pro- 
cess and in most cases this imposes a limit 
of about 25% by weight of water m the 
mixture. 

Polymers of hydrocarbons such a* 
styrene, vinyl toluene, divinyl benzene, di- 
isopropenyl benzene, isoprene, butadiene, 
isobutylene and ethylene, are suitably non- 
polar. Other non-polar polymers are those 75 
of higher fatty esters of unsaturated acids 
such as acrylic, methacrylic and ethacrylic 
acids. In these cases, the aleohol component 
of the ester contains a long carbon-carbon 
chain to produce a polymer of suitable non- 80 
polarity. Cetyl alcohol is a typical aleohol 
Lauryl alcohol is about the lowest alcohol 
which can be used in homopolymer esters 
and preferably esters of this alcohol are 
used as co-monomers with a more- non-polar 85 
monomer. In addition, one can use partial 
long-chain esters of a polyol, e.g. glyceryl 
distearate, dilaurate or dibehenate. the re- 
maining hydroxyl of the glycerol being 
esterified with the unsaturated acid. w 

Alternatively, one can use in this second 
type of system higher fatty esters or ethers 
of unsaturated alcohols such as vinyl- -and 
allyl alcohol. Suitable acid components ot 
such esters are stearic acid, behenic acid and 
rnono-esers of dibasic acids such as cetyl or 
lauryl adipate or sebacate. Suitable ethers 
are those of cetyl alcohol or of glycerol di- 
stearate, dilaurate or dibehenate. 

-In generaUin. this second type of system 1W 
the "disperse polymer -is -insoluble by reason 
of its containing long carbon-carbon chains. 

In the third type of system, the organic 
liquid may be of any polarity, e.g. aliphatic 
hydrocarbon, benzene or ethyl acetate. In M» 
this case, the polymer is insoluble irrespec- 
tive of its relative polarity. Such polymers 
include, for example, those of vinyl chloride, 
vihviidene chloride and acrylonitnle. 

Similarly, the nature of the stabilising sol- 
vated constituent of the stabiliser, both for 
the solid particles in the modified organic 
liquid of the preparatory treatment, and- for • . 
the encapsulating" polymer in - the_dispersioa . 
polymerisation, will be related^o the nature m 
of the organic liquid- of the- dispersion but 
in this case" the/' will need to be of similar 
polarity. 

Where the organic liquid of the dispersion 
is mainly aliphatic hydrocarbon in nature, UH 
e.g. pentane, hexane, heptane and octane, 
the following are examples of suitable chain- 
like components which would be solvated 
by the liquid: . n< 

long paraffinic chains such as occur in i£> 
stearic acid; self polyesters of -OH fatty 
acids such as 12-OH stearic acid" or the 
polyesters occurring in carnauba wax. 
polyesters of di-acids with diols, e.g. poly- 
esters of sebacic acid with 1,12-decane 13( 
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diol or of adipic acid with neo-pentyl 
glycol; polymers of long chain esters of 
acrylic or methacrylic acid, e.g. stearyl, 
lauryl, octyl, 1 -ethyl hexyl and hexyl esters 
5 of acrylic or methacrylic acid; polymeric 
vinyl esters of long chain fatty acids; poly- 
mers of ethylene, propylene, butadiene and 
isoprene. 

The organic liquid may, of course, be a 
10 commercially available hydrocarbon mix- 
ture, such as mineral spirits and white spirit, 
which also are suitable. Where the organic 
liquid is mainly aromatic hydrocarbon in 
nature, e.g. xylene and xylene mixtures, 
15 benzene, toluene and other alkyl benzenes 
and solvent naphthas, similar solvatable 
components may be used and, in addition, 
shorter chain analogues, e.g. polymers of 
ethoxy ethyl methacrylate, methyl metha- 
20 crylate and ethyl acrylate. 

Other components suitable for use in this 
type of organic liquid include: 

aromatic polyesters, e.g. oil-modified alkyd 

resins; 

25 aromatic polyethers; 

aromatic polycarbonates; and 
polymers of styrene and vinyl toluene. 
Where the organic liquid is polar in 
nature, e.g. an alcohol, ketone or ester, op- 
30 tionally with a minor proportion of water, 
suitable solvatable components include: 
aliphatic polyethers; 

polyesers of * short chain acids and 
alcohols; 

35 polymers of acrylic or methacrylic esters 
of short chain alcohols. 
The above description of the relationship 
of the organic liquid to the polymer and the 
stabilising chain-like component of the 

40 stabiliser indicates the nature of the modi- 
fication required to be made to the organic 
liquid continuous phase in the preparatory 
treatment of the disperse solid. In general, 
in the first stage the organic liquid in which 

45 the solid is dispersed is necessarily a strong 
organic solvent since it must dissolve the 
polymer to be adsorbed and the stabiliser. 
Such liquids include ketones, e.g. acetone, 
and esters, e.g. phthalate esters commonly 

50 used as plasticisers. During the modifica- 
tion step, this strong solvent is diluted with 
a non-solvent which may be non-polar, e.g. 
an aliphatic hydrocarbon or highly polar, 
e.g. methanol or even water, depending on 

55 the polarity required in the modified con- 
tinuous phase. Alternatively, the strong 
solvent can be blended with an organic 
liquid which, whilst not destroying the sol- 
vency power of strong solvent, is itself a 

60 suitable-non-solvent for the adsorbed poly- 
mer when the strong solvent is removed 
during the modification step. 

It should be noted that even in the first- 
mentioned modification step in which non- 
65 solvent is added it may be desirable sub- 



sequent to remove the strong solvent from 
the mixture and that if this is to be done by 
distillation, the strong solvent should be of 
lower boiling point than that of the non- 
solvent. . 70 

As described above, and in greater detail 
in the aforementioned British Patent Speci- 
fications the anchor component may be a 
polymeric component of similar nature to 
that of the adsorbed polymer or encapsulat- 75 
ing polymer or may contain polar or di- 
polar groups which interact specifically with 
complementary groups in the adsorbed poly- 
mer or encapsulating polymer." 

During the dispersion polymerisation it 80 
may be: necessary to add more stabiliser or 
a stabiliser precursor to stabilise the growing 
surface area of the particles particularly if, 
in the preparatory treatment of the solid 
particles, the amount of stabiliser is kept 85 
down to the minimum required to stabilise 
the treated particles in the modified con- 
tinuous phase. 

The invention is illustrated in the follow- 
ing Examples in which all parts are by 90 
weight. 

Example 1 
A mixture of the following ingredients: 
Red iron oxide 14.8 parts 

Polymer solution 2.72 „ 95 

Isobutyl cyclohexanyl phthalate 9.18 „ 
was vigorously stirred with small glass beads 
for 15 minutes. The dispersed pigment had 
a surface area of about 12m. 2 /gm. The poly- 
mer solution was one containing 27.2% 100 
solids solution of a random copolymer of 
methyl methacrylate and methacrylic acid 
(98/2) of molecular weight about 35,000 dis- 
solved in a mixture of butyl acetate and 
ethyl acetate in a proportion of 1:2. There 105 
was then added a solution in 3.4 parts of 
butyl acetate of 0.4 part of a stabiliser 
having a molecular backbone of polymethyl 
methacrylate of molecular weight about 
30,000 to which were attached on average 110 
about 20 pendent chains of poly-12-hydroxy 
stearic acid of molecular weight about 1800. 
After this solution had been stirred in, 22,25 
parts of alichatic hydrocarbon (boiling point 
about 75 °C.) were then added with con- 115 
tinuous stirring. 

The dispersion of treated pigment was 
filtered to remove the glass beads, 0.13 part 
azodiisobutyrcnitrile was added and the 
mixture heated to reflux temperature. Over 12CT 
a period of three hours the following mix- 
ture was then added: ■ • 
Methyl methacrylate 35.50 parts 
Methacrylic acid 0.66 part 
33% solution of above stabiliser 125 

in aliphatic hydrocarbon 1.0 part 
Aliphatic hydrocarbon (b.pt. 

75°C.) 12.85 parts 

Azodiisobutyronitrile 0.07 part 

The mixture was maintained at reflux for a 130 
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further half an hour after the monomer addi- 
tion to ensure complete polymerisation. In 
the resulting dispersion all the pigment par- 
ticles were encapsulated in approximately 

5 spherical polymer particles of average size 
0.8-1.5«. There was no detectable pigment- 
free polymer particles. 

Example 2 
4.05 parts of thio indigo red were mixed 

10 with 2.69 parts of isobytl methylcyclohexyl 
phthalate and a solution in 13.35 parts of 
butyl acetate of 4.3 parts of a random co- 
polymer of methyl methacrylate and metha- 
crylic acid of molecular weight about 

15 35,000 and 1.7 parts of a graft copolymer 
comprising polylauryl methacrylate as one 
polymeric component and a random co- 
polymer of methyl methacrylate and metha- 
crylic acid (98:2) as another polymeric com- 

20 ponent. The weight ratio and number ratio 
of the two polymeric components were 1:1. 

The mixture was ball-milled for 18 hours 
to disperse the pigment, 26.08 parts of ali- 
phatic hydrocarbon (boiling range 70 u- 

25 90°C.) then being added with stirring. 

0 52 part azodiisobutyronitrile was then 
added to the stable pigment dispersion, it 
was heated to reflux temperature and over 
a period of three hours the following mix- 

30 ture was added. 

Methyl methacrylate . 32.00_parts 

Methacrylic acid /; 0.52 part 

Aliphatic hydrocarbon (boiling 
35 range 70°C.-90°C) 14.19 parts 

Azodiisobutyronitrile 0.52 part 

The mixture was maintained at reflux tor 
a further half an hour after the monomer 
addition to ensure complete polymerisation. 
40 In the resulting dispersion all the pigment 
particles were encapsulated in approximately 
spherical polymer particles of average par- 
ticle size 0.05-0.2«. 

Example 3 

45 Example 2 was repeated using 5.0 parts 
vegetable black pigment in place of the thio 
indigo red. The black pigment had a sur- 
face area of about 34 m. 2 /gm. 
A similar dispersion of polymer-encapsu-,. 

50 lated pigment was obtained. 

Example 4 
15 95 parts rutile titanium dioxide (surface 
area 10m. 2 /gm.) were mixed with 2.57 parts 
toluene and 2.64 parts of a 30% solution in. 

55 tf-ethoxy ethyl acetate of a polymer having 
a backbone of polyvinyl pyrrolidine of mole- 
cular weight about 100,000 and pendent 
therefrom on average 10 polymethyl metha- 
crylate chains of molecular weight about 

60 10,000. In this structure the backbone pro- 
motes adsorption of the mo ecu e onto the 
pigment particles. After bail-milling for 18 
LUrs, 0.43 part of the stablisher used in 
Example 1 but dissolved in 3.8 > parts of 

65 toluene was added followed by 29.8 parts 



of aliphatic hydrocarbon (boiling range 
70°C-90 o C). 

To the resulting stable dispersion of treated 
pigment was added 0.11 part of azodnso- 
butyronitrile. The dispersion was heated to 70 
reflux and to it was added over a period of 
three hours the following mixture: 

Methyl methacrylate 30.90 parts 

Methacrylic acid 0.63 part 

33% solution of above stabliser 75 
in aliphatic hydrocarbon 0.95 part 

Aliphatic hydrocarbon (boiling 
range 70°C.-90°C) 12.20 parts 

Azodiisobutyronitrile 0.06part 
The mixture was maintained at reflux for a 80 
further half an hour after the monomer addi- 
tion to ensure complete polymerisation. In 
the resulting dispersion all the pigment was 
encapsulated in approximately spherical 
polymer particles of average size 0.4-0.7/*. 85 
Example 5 

15.95 parts rutile titanium dioxide were 
dispersed by ball-milling in a solution of 1.8 
parts of a random copolymer of vinyl 
acetate and acrylic acid (weight ratio 96:4) 90 
in 3.5 parts of ethyl acetate.^ To the dis- 
persion was added a solution in 3.4 parts of 
ethyl acetate of 0.4 part of the stabiliser of 
Example 1. After "this solution had been 
stirred in, 22.25 parts of aliphatic hydro- 95 
carbon (boiling range 120-150°C.) were then 
"added with continuous stirring. 

TKe dispersion of treated pigment was 
filtered to remove the glass beads and the 
ethyl acetate content was then removed by Jul 
distillation under vacuum and replaced by 
an equal weight of aliphatic hydrocarbon 
(boiling range 70-90°C). 1.0 part of azo- 
diisobutyronitrile and 7.0 parts of vinyl 
acetate were added and the mixture heated 105 
at reflux temperature for 1 hour. -Over a 
period of three hours the following mixture 
was then added: 

vinyl acetate 23£ pa^s 

acrylic acid 0,63 part 110 

33% solution of above stabiliser 
in aliphatic hydrocarbon 1.0 ,» 

Aliphatic hydrocarbon (boiling 
point 75°C.) ^r^ts 
— JVzodiisobutyronitrile " , ... 0.9 part 113 
The mixture was maintained at reflux for 
a further 1* hours; in the resulting disper- 
sion -all the pigment particles were encapsu- 
lated in approximately spherical polymer 
particles. 

Example 6 
60.9 parts of rutilen titanium dioxide were 
dispersed by ball-milling for 18 hours in a 
mixture of 8.7 parts of isobutyl cyclohexyl 
phthalate and a solution in 21.3 parts ethyl l^> 
acetate of 6.1 parts of a copolymer of 
methyl methacrylate / methacrylic acid 
(weight ratio 98:2) and 3 parts of a graft 
copolymer comprising polyl auryl metha- 
crylate as one polymeric component and a 130 
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random copolymer of methyl methacrylate 
and methacrylic acid (weight ratio 98:2) as 
the other polymeric component. The weight 
ratio and number ratio of the polymeric 
5 component was 1:1. To 400 parts of the 
dispersion were added with vigorous stirring 
250 parts of aromatic-free aliphatic hydro- 
carbon (boiling range 140-190°G). The mix- 
ture was filtered and the ethyl acetate re- 

10 moved by distillation under vacuum. 

762 parts of 248 parts of aromatic-free 
aliphatic hydrocarbon {boiling range 70- 
90°C.) and 8.8 parts of azobisdiisobuty- 
ronitrile (94% pure) was then added and 

15 the mixture was heated to reflux tempera- 
ture. A mixture of 458 parts of vinyl 
acetate, 207 parts of aromatic-free aliphatic 
hydrocarbon (boiling range 70-90°G) and 
7.0 parts of azobisdiisobutyronitrile was 

20 added over 2* hours. The product was a 
dispersion of titanium dioxide particles en- 
capsulated in vinyl acetate. The particles 
were of wide size distribution and consisted 
of encapsulated mono-particles and mul- 

25 tiplets. 

Example 7 
16 parts of rutile titanium dioxide were 
ball-milled for 18 hours in a solution in 42 
parts of ethyl acetate of 1.4 parts of the 

30 random copolymer as described in Example 
2 and 0.7 part of the graft copolymer as de- 
scribed in Example 2. 70 parts of aliphatic 
hydrocarbon (boiling range 12O-150°C.) 
were added with vigorous stirring and the 

35 ethyl acetate was removed by distillation 
under vacuum. 

The dispersion was placed in a stirred 
autoclave and 0.15 part of diisopropyl 
peroxy dicarbonate added. The autoclave 

40 was purged with nitrogen, 30 parts vinyl 



chloride added and the charge heated at 
50°C. for 8 hours. 

The product was a dispersion of pigment 
encapsulated in polyvinyl chloride, the en- 
capsulated particles being of the order of 45 
i,u in diameter. 

WHAT WE CLAIM IS:— 

1. A process of encapsulating solid par- 
ticles in synthetic polymer comprising carry- 50 
ing out dispersion polymerisation of mono- 
mer in an organic liquid in which the mono- 
mer is soluble and the resulting polymer is 
insoluble and in the presence of a dis- 
persion stabiliser for the resulting insoluble 55 
polymer, the organic liquid also containing 
dispersed solid particles having adsorbed 
thereon a polymer which is insoluble in the 
organic liquid and on which there is formed 

an encapsulating layer of the insoluble 60 
polymer produced by the dispersion poly- 
merisation, the encapsulated particles being 
stabilised in the organic liquid by the stabi- 
liser for the encapsulating polymer. 

2. A process as claimed in Claim 1 in 65 
which the proportion of solid particles to 
encapsulating polymer-formed in the process 

is from 2.5 to 25% by volume. 

3. A process as claimed in Claim 1 or 2 

in which the encapsulated particles produced 70 
thereby are not less than 0.75/* in diameter, 
and preferably are above I fx in diameter. 

4. A process of encapsulating solid par- 
ticles in synthetic polymer substantially as 
described in any one of the Examples. 75 

5. Encapsulated solid particles produced 
by a process claimed in any one of Claims 
1-4. 

D. VINCENT, 
Agent for the Applicants. 
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